Abstract-Appendices 7 and 8 of the WARC-79 Final Acts contain, respectively, the For these and other considerations that were carefully presented in the individual nation input papers to the SPM, a concentrated broad-scope effort backed up proposals for frequency tolerances. In the case of some Administrations, not only were there multiple meetings prior to the SPM seeking tolerance contributions and agreements among the many interested agencies, but advice was solicited from the industrial community, as well as from the worldwide professional society, IEEE. The IEEE consideration also provided an opportunity for the academic community to participate. Taken together, these inputs were utilized not only for the SPM and the WARC, but are also expected to be for post-WARC implementation.
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Frequency Tolerances Approach
In deliberating values of frequency tolerance, the SPM consciously considered the following: a) Appendix 3 of the existing Radio Regulations. b) CCIR Report 181-2 concerning overall frequency tolerances. c) Specific CCIR Study Group 9 conclusions concerning problems associated with radio-relay frequency-controlling systems (using a chain of repeaters where final repeater frequency variation perceived is an aggregate from all the individual transmitters in a system).
d) Individual Administrations' proposals associated with sometime special concerns, relating to national criteria for particular tolerances. e) Ultimate values needed for operational or technical reasons.
f) Economic impact of any change in value from that existing. g) Safety-related functions of frequency tolerances.
SPM DISCUSSIONS-FREQUENCY TOLERANCES
Over a hundred delegates were involved in discussions on the relatively large number of frequency tolerance standards. Dr. Kaji of Japan was chosen as the Chairman of the overall Technical Characteristics Committee, including frequency tolerances, and Mr. George of the Federal Republic of Germany was selected to chair specifically the Frequency Tolerances subcommittee. A total of 11 official documents from Administrations were negotiated in the meeting, involving 87 Administrations.
The SPM considered proposals on a spectrum basis, band by band. The frequency tolerance for each station function, power level, and operational state of readiness was taken up and discussed with a corresponding technical, sometimes other, rationale. Consideration was given to the spectral environment of the particular standard under discussion. Stations receiving particular emphasis included Earth and space, radiodetermination, land mobile, maritime mobile, broadcast, emergency, and radionavigation. Within the station environment, functional characteristics were discussed for each appropriate standard including Doppler shift, filter slope factors, channel width requirements, multiplexed carriers, crystals, and oscillators. Frequency-determining elements of a transmitter received particular attention, particularly with respect to temperature variation, frequency/temperature inversion points and high slopes, sealed ovens, temperature-compensated oscillators, aging, cumulative frequency errors in heterodyne systems, statistical considerations, total translational error, and unin-telligibility due to frequency errors. All in all, technical component, equipment, system characteristics, and technical feasibility were considered for each standard. Operational and economic variation of the technical characteristics then was discussed as appropriate.
The final, agreed Frequency Tolerance Table may be found in the SPM Report, Chapter 8, entitled "Technical Characteristics of Equipment and Emissions." This chapter also contains introductory comments for the benefit of the WARC delegates. The latter is presented here to better summarize the deliberations.
"In proposing frequency tolerance values for transmitters, the SPM has taken account of: (1) the need for efficient frequency spectrum utilization, (2) (25) For transmitters for system M (NTSC) the tolerance is 1000 Hz. However, for low-power transmitters using this system note (24) 1, 4, 5, 7, 8, 10, 12, 13, 14, 15, 16, 19, 20, 21, 22, 23, 24, 25, 26, 28, 29, 32 , and 36.
HIGHLIGHTS-FREQUENCY TOLERANCES
In going from the current tolerances to those to be phased in after 1985, the range of values is from no change, tightening down to around 5 percent of the current values, depending upon requirements of the service.
Earth and space services were introduced in the Table for the first time with impact from 4 MHz on up to 40 GHz after 1985. In the interim, power flux density limits tend to minimize any interference that might be caused by radiation of frequency spectra over an extra broad channel because of a loose tolerance. Out of the many frequency tolerances decided, it is believed that the Table has no unnecessarily tight tolerance areas. Generally, the tight tolerances were required by operational or interference considerations. It is recognized that some of these may take special attention to meet.
Three of the areas having relatively tight tolerances are those of HF broadcasting, SSB emissions, and pulse modulation above 10 GHz (above 10 GHz being inherently more uncertain at this time).
To better understand the tighter broadcasting tolerances, a listing of them is presented in Table I .
Above 10.5 GHz, the tolerances are more tentative. This is due to such factors as 1) less developed art in this band, 2) for a given percentage of frequency tolerance to carrier frequency, 213 a higher actual frequency variation results, and 3) higher costs for the same amount of power. In the 10. Out-of-band emissions are those resulting from the modulation process and which are found immediately outside the transmitted necessary bandwidth. They would include both transmitter noise and modulation splatter closely associated with the fundamental radiation. These are much more difficult than spurious emissions to either control or measure because of presence of the energy associated with the fundamental emission, energy that is usually about 99 percent of all radio frequency energy produced by the transmitter. Outof-band emissions always exist when the fundamental frequency radiation is turned "on" with normal modulation.
Their level is only dependent upon purity of the oscillation, linearity of the modulation process, and response characteristics of the final amplifier, subsequent tuned filter, and in minor part, the antenna, none of which are perfect. As they are always found to one extent or another, account is usually taken of them in the frequency-assignment process so that no other special consideration by the system user is needed, unless adjacent channel interference is caused. In an effort to limit adjacent channel interference, Article 5 of the Final Acts addresses limits for out-of-band emissions1 as they are promulgated in the Radio Regulations for specific services (by general or specialized administrative conferences). At present, out-of-band emissions have specified maximum permitted power levels only for transmitters of the SSB radiotelephony Maritime-Mobile service operating in the MF and HF bands, as well as for transmitters of the aeronauticalmobile (route) service operating between 2.85 and 17.97 MHz. The limits of Appendix 17 and of Appendix Aer2 are for unwanted emissions, which of course, include both the out-of-band and the spurious.
Spurious emissions, on the other hand, have much greater potential for causing interference to radiocommunications systems, and so have received the greater attention. Spurs may occur from a transmitter in literally any portion of the radio frequency spectrum, often far removed from the fundamental emission, and even sometimes with no predictable or calculable mathematical relationship to the fundamental frequency.
The latter situation has been found when components of a transmitter inadvertently form a resonant circuit with some coincidental feedback mechanism that derives fundamental transmitter energy and oscillates at whatever the incidental resonant frequency happens to be. This particular occurrence does not happen often, but has been experienced. Radiated levels of these and other spurious emissions are relatively simple to detect and measure with appropriate equipment such as spectrum analyzers, good attenuators, and calibrated fieldstrength meters. Given the propensity for some spurious emissions to cause interference anywhere in the spectrum, and their relative importance, it is necessary for frequency managers to be aware of their potential. Happily, these do not often exist to the point of creating interference.
Spurious emissions were redefined at the WARC-79 based upon previous work of the CCIR. They include particularly harmonic emissions, parasitic emissions, intermodulation products, and frequency-conversion products, none of which occur, by definition, immediately outside the transmitted necessary bandwidth as a result of the modulation process. It would be possible, however, for a spurious emission to result from a parasitic oscillation, or from a third-order intermodulation product, and be sufficiently close to the nec-essary bandwidth that it might mingle or be confused with otherwise ordinary out-of-band emissions. This situation does not occur often at all, so it is not a significant problem to worry about distinguishing between out-of-band emissions and spurious emissions. Spurious emissions have specified, maximum permitted power levels in all radio services (except radiodetermination) operating with fundamental radiation up to 960 MHz (after the implementation schedule of Appendix 8-only up to 235 MHz at present). Frequencies above 960 MHz, up to 17.7 GHz, are included in the future but exceptions are made in this band for systems using digital modulation, space services, again the radiodetermination service, and certain transmitters intended for use in emergency situations where the object is to attract aid, whatever the means.
Of all the types of spurious emissions encountered, by far the ones found most often, and which are cause for greatest concern, are harmonics and third-order intermodulation products. In the experiences of the authors, these two types of undesirable emissions together account for nine out of ten cases of spurious emission interference to radiocommunication services.
SPM DISCUSSIONS-SPURIOUS LIMITS
A fewer number of SPM delegates were involved in spurious limit working groups than for frequency tolerances, and discussions took substantially less time because there were fewer values to consider. It is significant, however, to realize that all of the SPM Conclusions in this matter were adopted at  Limits are newly applied, of course, for most transmitters operating between 235 and 960 MHz. These are effective for transmitters installed after January 1, 1985, and to all transmitters, regardless of installation date, after January 1, 1994. Exclusion is provided by Note 10 where more than one transmitter feeds a common antenna, or at an "antenna farm,"
where it is difficult to realize the limits when intermodulation products result from induced RF voltages, because transmitters are so close to one another. In any event, it is clear from the WARC-79 Final Acts that spurious emission power should be kept as low as practicable, not only in this one case, but in all cases, and on all frequencies.
The first conversion date of January 2, 1985 found by WARC-79 is exactly the same first new date under the Fre-quency Tolerance Table. However, because providing greater spurious emission suppression involves much more than changing a component, as for example, a crystal oscillator in the case of frequency tolerances, the Conference determined that a decade and a half would be needed for any new spurious emission limits. A final, applicable date of January 1, 1994 was determined, effectively applying to transmitters operating only between 235 MHz and 17.7 GHz.
FUTURE CONSIDERATIONS-SPURIOUS LIMITS
The WARC-79 recognized the need to continue examining transmitter spurious emission levels in a number of areas, especially where agreements could not be reached. As the CCIR is the mechanism for conducting technical studies between ITU Administrative Conferences, Recommendation 66 of the Final Acts was specially addressed to that organization. Four specific areas of study were established by WARC-79 with the intent of eventually having appropriate recommendations for consideration at future Administrative Conferences: a) Spurious emissions from space services transmissions. b) Spurious emission levels in all frequency bands in general, emphasizing those frequency bands, services, and modulation techniques not presently covered. c) Measurement techniques for spurious emissions, including the determination of reference levels for wide-band transmissions as well as the applicability of reference measurement bandwidths.
d) Categorizing of emissions (of any type) in terms of mean power" to facilitate the interpretation and measurement of "mean power" as it applies to the various classes of emissions.
